INTRODUCTION
============

Breastfeeding is considered the gold standard of infant nutrition and has been strongly encouraged for preterm newborns due to the immunological properties of breast milk, its role in gastrointestinal maturation and in the establishment of mother-child bond, thus contributing to a better growth and development prognosis.[@B1] ^,^ [@B2] ^,^ [@B3] ^,^ [@B4]

Lactation is classically known to have three phases, the first one being represented by colostrum, produced in the first five days after delivery. Colostrum is a small amount of fluid that is rich in immunological components, lactoferrin, leukocytes and growth factors, and which has relatively low concentrations of lactose and higher protein and lipid content compared to mature milk.[@B5] ^,^ [@B6] The second phase is transitional and occurs from the sixth day until the end of second week after delivery; only then is the milk classified as mature.[@B7]

Breastmilk is an adequate combination of macronutrients (proteins, lipids and carbohydrates) and micronutrients, including minerals, vitamins and various bioactive components.[@B8] ^,^ [@B9] The difference in milk composition of pre-term infants' mothers is already well documented in the literature as compared to mothers of full-term newborns, with higher protein and lipid content, and consequent higher energy value in the breast milk for preterm infants.[@B9] In the first eight weeks of lactation, mean values reported are: 1.3 g/dL of protein; 3.5 g/dL of lipid; and 7.3 g/dL of carbohydrates in the milk of preterm neonates' mothers. However, these data should be interpreted with caution, since these values refer to the average concentrations found in colostrum and mature milk.[@B10]

Specifically on lipids, their concentration in breast milk differs according to geographic conditions, mothers' eating habits, gestational and postnatal age, period of the day, maternal nutritional status, and breastfeeding time (greater quantity at the end of feeding).[@B11] ^,^ [@B12] Significant differences in breast milk lipid content are described as related to infants born under 30 weeks, with mean values of 4.0 g/dL by one week of lactation, while values related to infants born after 30 weeks and to term are similar (mean 2.5 g/dL).[@B2] This difference in lipid composition of the milk of preterm infants mothers' deserves attention, since lipids are essential not only for energy supply, but also for the development of the child's central nervous system and retina.[@B13]

Despite the existence of several studies on breast milk, data on the effects of fetal growth on the composition of breast milk are scarce, as well as studies investigating the effects of gestational age and fetal growth on colostrum composition. The current spotlight on colostrum use increases the interest and the need to deepen knowledge about its composition and possible variations according to gestational age and fetal growth. Thus, the objective of this study was to investigate whether the fat content and energy value of colostrum change as per gestational age and fetal growth.

METHOD
======

Cross-sectional study involving puerperal women who gave birth at the Maternity Hospital of the Botucatu Medical School (Universidade Estadual Paulista - UNESP), in 2015-2016. The research project was approved by the Research Ethics Committee of the institution and all participants signed the informed consent form.

Participants were postpartum women who met the following criteria: single gestation; absence of diabetes and chorioamnionitis; no use of illicit drugs and alcohol; absence of fetal malformation and congenital infection. Mothers with mastitis and who were unable to withdraw the necessary minimum volume of colostrum were not included.

The sample had the maximum number of puerperal women who met the inclusion criteria in the study period. In total, 225 mothers were assessed and distributed in the study groups, with test power greater than 80%.

Four study groups were assembled based on gestational age and fetal growth: preterm infants small for gestational age (PT-SGA); preterm neonates appropriate for gestational age (PT-AGA); term infants small for gestational age (T-SGA) and term newborns appropriate for gestational age (T-AGA or control).

Gestational age was calculated by the best obstetric estimate (first trimester ultrasound or precise date of last menstrual period). Adequacy of birth weight to gestational age was based on intrauterine growth chart by Fenton and Kim,[@B14] being classified as appropriate for gestational age when birth weight was between the 10^th^ and 90^th^ percentile of the growth curve, and small for gestational age when the weight was below the 10^th^ percentile.

Independent variables were: maternal data such as age, schooling, parity, smoking habit, pre-gestational body mass index (BMI), premature rupture of membranes, fetal distress, and type of delivery; and newborn data such as gestational age, need for resuscitation at birth, 1-minute APGAR score, birth weight and appropriateness of weight for gestational age. Outcomes of interest were fat content and estimated energy value of colostrum in all four study groups. Correlation between crematocrit and maternal BMI were defined as secondary outcomes.

Samples of 0.5 to 1.0 mL of colostrum were collected by manual extraction between 24 and 72 hours after delivery, in the morning and in the feeding interval. The fat content was estimated by the crematocrit method, as described by Lucas et al.[@B15] This is a simple, inexpensive and reproducible method, with coefficient of variation \<1%.[@B16] To determine the crematocrit, two capillary tubes were filled with colostrum immediately after collection, one of the ends being sealed and the tubes centrifuged for 15 minutes at 12,000 rpm in a microcentrifuge (Celm^®^). Crematocrit was expressed by the percentage of cream column in the capillary tube with a cremometer (millimeter ruler). It was every time measured by the same author, who was blinded to the group each sample belonged to. The energy value of colostrum samples was calculated as proposed by Lucas et al.^25\ (^ [^Equation\ 1^](#e2){ref-type="disp-formula"} ^)^:

$$Energy~\left( kcal/dL \right)~ = ~5.99~x~crematocrit~\left( \% \right)~ + ~32.5.$$

Continuous variables are described in tables with respective mean and standard deviations, and categorical variables are expressed as number and proportion of events. In the study of associations between groups, chi-square or Fisher exact tests were used for categorical variables and ANOVA for continuous variables. The effect of potential confounding factors on outcomes was controlled in a multiple linear regression model, which included all variables that, in the univariate analysis, differed significantly between groups. Pearson's multiple correlation was used to estimate the power of the association between crematocrit and maternal BMI. In all analyses, significance level was set at 5%.

RESULTS
=======

From August 2015 to July 2016, 275 postpartum women meeting our inclusion criteria were selected; however, 50 were excluded because they failed to obtain the required volume of colostrum. Thus, the samples of 225 puerperal women were studied and divided into four groups: PT-SGA (n=33); PT-AGA (n=60); T-SGA (n=59); and T-AGA (n=73).

Among puerperal women studied, more than 90% had prenatal care and 19% were smokers, with no differences between groups. The main maternal and gestational data are presented in [Table 1](#t4){ref-type="table"}, which shows that the maternal BMI was higher in the T-AGA group compared to all others, as well as the percentage of overweight/obesity, although it was not statistically significant. Fetal distress and C-section delivery were more frequent in the PT-SGA group ([Table 1](#t4){ref-type="table"}).

Table 1:Maternal and gestational data of all groups.PT-SGA (n=33)PT-AGA (n=60)T-SGA (n=59)T-AGA (n=73)p-valueAge\*25±625±623±625±60.353Adolescents (%)272729120.083^a^Primiparity (%)493249260.018^a^\>8 years of education (%)615864560.807^a^Mother's BMI\*24.7±7.624.7±5.723.3±5.326.8±5.80.011Overweight/obesity (%)443732530.102^a^Premature rupture of membranes \>18 h (%)618550.029^b^Fetal distress (%)27734\<0.001^b^C-section (%)67251038\<0.001^a^[^2]

Birth data are presented in [Table 2](#t5){ref-type="table"} and show greater need for resuscitation and lower frequency of breastfeeding in the first hour of life in preterm birth groups. Mean gestational age in preterm groups was 34 weeks, which characterizes them as late preterm infants ([Table 2](#t5){ref-type="table"}).

Table 2:Birth data in all groups.PT-SGA (n=33)PT-AGA (n=60)T-SGA (n=59)T-AGA (n=73)p-valueGestational age (weeks)\*34±234±339±139.5±2\<0.001Birth weight (g)\*1760±3952430±5352640±2303380±385\<0.001Resuscitation upon birth (%)2118710.001^b^1-minute APGAR\*7±18±28±18±10.003Breastfeeding in 1^st^ hour of life (%)33589092\<0.001^a^[^3]

[Table 3](#t6){ref-type="table"} shows that the mean values of crematocrit and estimated energy value did not differ between groups. However, higher values of crematocrit (≥4%) were predominant in the T-SGA group. Multiple linear regression analysis showed a correlation between crematocrit and maternal BMI only in the PT-SGA group ([Table 3](#t6){ref-type="table"}).

Table 3:Crematocrit, energy and correlation between crematocrit and mothers' body mass index in all groups.PT-SGA (n=33)PT-AGA (n=60)T-SGA (n=59)T-AGA (n=73)p-valueCrematocrit (%)^a^4.0±2.63.7±2.43.8±2.13.2±1.90.550Crematocrit ≥4% (% samples)^b^48.548.067.042.00.028Energy (kcal/d)^a^56.2±15.854.6±14.555.1±12.852.2±11.90.472Crematocrit *versus* mother's BMI^c^r=0.620 (p\<0.001)r=0.100 (p=0.492)r=-0.110 (p=0.382)r=-0.005 (p=0.970)[^4]

DISCUSSION
==========

This study showed that the fat content and the energy value of colostrum did not change according to gestational age and fetal growth. However, the results obtained in the SGA groups, whether with preterm or term newborns, suggest the existence of adaptive mechanisms in the mammary gland that aim to maintain the nutritional adequacy of breast milk to most vulnerable infants, that is, who did not have adequate fetal growth.

A common concern in preterm infant nutrition is the insufficient supply of energy, which can impair their growth. In this aspect, our study suggest that the energy supplied by the colostrum to preterm and SGA infants can be considered adequate, since it did not differ from that of the control group.

Lipids are the main energy source of breast milk, and assessing milk fat and energy content may help optimize the nutrition of preterm newborns. So the crematocrit method stands out as a simple and cheap way of estimating breast milk fat content and energy value that can be used in daily practice.[@B16]

Studies on breast milk crematocrit are scarce and have small samples. Weber et al.[@B17] determined lipid content in the milk of 20 mothers of very low birth weight preterm infants according to circadian rhythm and lactation weeks. Mean values of lipid concentration in the first week were 3.9 g/dL, and variability throughout the day was: lower values in the morning (3.5 g/dL) and higher values in the afternoon and evening (approximately 4 g/dL).[@B17] In the present study, samples were always obtained in the morning and results were similar.

Another study analyzed the lipid content and energy value of breast milk in the three stages of lactation, comparing 22 mothers of premature infants and 39 mothers of term newborns. In colostrum of mothers of preterm infants, crematocrit was lower than in that of term babies, although it was not statistically significant (4.9% *versus* 5.6%). Energy value did not vary significantly either. One limitation of this study was not reporting mean preterm gestational age, which ranged from 26 to 36 weeks.[@B18]

In Brazil, Grumach et al.[@B19] investigated whether the macronutrient composition of milk from T-SGA mothers differs from that of PT-AGA and T-AGA (control) groups. Sixty-six puerperal women, divided into these three groups, were studied: 16 in the T-SGA, 20 in the PT-AGA, and 30 in T-AGA. Mean gestational age was 39 weeks among term infants and 34 weeks in preterm infants. The T-SGA group had lower crematocrit values in colostrum, while the PT-AGA group did not differ from control group. Variability in crematocrit was high, with colostrum values ranging from a minimum of 1% in all three groups to a maximum of 13% in control group. Median values were not presented,[@B19] which makes it difficult to compare such results with those of our study.

Recent research has focused on the effect of fetal growth on maternal milk composition and on the role of lipids in the prognosis of neurodevelopment. Domany et al.[@B20] investigated whether the fat content in breast milk changes according to fetal growth. Crematocrit was evaluated in the three stages of lactation of 26 mothers of newborns small for gestational age, compared to 30 mothers of newborns adequate for gestational weight. Mean values of crematocrit in three phases of lactation did not change between the two groups. However, interpretation of these results is limited by the sample not being stratified according to gestational age, which ranged from 25 to 41 weeks.[@B20] Another study conducted with 60 puerperal women found no effect of fetal growth on the composition of milk fatty acids during the three phases of lactation, when controlled for gestational age.[@B21]

A recent study investigated the factors that influence the fatty acid profile in colostrum and reported that demographic aspects, including age and maternal nationality, had a greater influence compared to type of delivery and maternal BMI.[@B13]

The present study evaluated the effect of gestational age and fetal growth - as well as the possible influence of maternal, gestational, and birth factors - on the fat content of colostrum. Gestational age and fetal growth had no effect, only maternal BMI was correlated with crematocrit. A hypothesis for these results would be that, in the presence of adverse pregnancy situations, physiological changes occur in the lactation process to compensate intrauterine impairment and supply the newborn's needs. Two important findings supported this hypothesis: first, although the mean crematocrit values ​​did not differ, the T-SGA group had a significantly higher percentage of colostrum samples with higher crematocrit value (≥4%). Also, the correlation between crematocrit and maternal BMI occurred only in the PT-SGA group, which suggests that the concomitant presence of both disorders, prematurity and inadequate fetal growth, could exceed the physiological limits of maternal compensation, making the colostrum fat content directly related to maternal nutritional status, which means greater vulnerability of this group.

This study has some limitations, though. In 18% of the eligible sample, the necessary volume of colostrum could not be obtained, predominantly after C-section delivery and when the newborn needed hospitalization in the Intensive Care Unit (ICU). Crematocrit was the method used due to its ease of execution, good reproducibility and low cost,[@B16] ^,^ [@B20] however, there are more sensitive methods that allow to assess not only the amount but also the composition of lipids to be determined.[@B11] ^,^ [@B12] The eating habits of puerperal women was not evaluated; the cross-sectional design of the study did not allow to analyze the changes in fat content according to the phases of lactation; the number of puerperal women in the PT-SGA group was relatively small, which did not allow subgroup analysis to further investigate the influence of maternal nutritional status on colostrum composition. However, in spite of the small number of PT-SGA mothers, statistically and clinically relevant differences were found in this group, including correlation between crematocrit and maternal nutritional status, alerting to the greater vulnerability of preterm infants small for gestational age.

The strengths of this study were the large sample size and the stratification of groups, which allowed to evaluate the effect of gestational age and fetal growth. This study brings about new insights that reinforce the benefits and value of breastfeeding for all newborns, whether they are premature and/or small for gestational age. Further research is recommended to increase knowledge about colostrum lipid composition.

Results drive us to conclude that the fat content and estimated energy value of colostrum do not change according to gestational age and fetal growth.
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